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Increased large intestinal secretion of potassium in renal in-
sufficiency. An increase in potassium excretion by the kidney,
"renal potassium adaptation," following a reduction in nephron
population, in the absence of a proportional redution in dietary
potassium, has been reported. This change involved an increase in
basal rates of potassium excretion, a rise in the specific activity of
sodium-potassium-activated adenosine triphospliatase (Na-K-
ATPase) in outer medulla, and a capacity for an augmentation of
the rate of potassium excretion during acute loading with potassium
salts. The present experiments indicate similar acaptive changes
for potassium secretion in the colon in chronic renal insufficiency,
produced by a 70% ablation of renal mass. Net movement of water
and electrolytes, transmural potential difference, and Na-K-ATP-
ase activity in colonic mucosal cells were studied in control and
experimental rats receiving 15 mEq of potassium per day. In ani-
mals with renal insufficiency, net potassium secretion increased
from the control value of 2.2 + 0.O2gEq/min/g of dry weight to
5.2 0.4 (P < 0.001), transmural potential difference rose from 22
3 mV (serosa positive) to 70 3 (P < 0.001), and enzyme levels
increased from 9.0 0.2 ,mole/P1/mg of protein per hr to 13.4
0.5 (P < 0.001). Net sodium absorption was also increased in the
experimental group with renal insufficiency. Moreover, during
acute infusion of 1.0 M potassium chloride, net potassium secretion
was approximately three-fold greater in experimental rats than in
control animals. These experiments demonstrate that an alteration
in the mechanism for augmented rates of pota.sium secretion
occurs in both the colon and the distal nephron ii chronic renal
failure. Furthermore, these data provide further support linking
Na-K-ATPase to potassium secretion and suggest a similar mecha-
nism for this process in both epithelia which normally secrete
potassium.
Augmentation de Ia secretion colique de potassium dans
l'insuffisance rénale. Une augmentation de l'excthtion rénale de
potassium, "adaptation rénale au potassium," a été dCcrite comme
une consequence de Ia reduction néphronique en l'absence de
reduction proportionnelle du potassium alimentaire. Cette modifi-
cation implique une augmentation du debit basal d'excrétion de
potassium, une augmentation de l'activité spécifiq Lie de Ia Na-K-
ATPase de Ia médullaire externe et une capacité d'augmenter Ic
debit d'excrétion de potassium au cours d'une charge aiguë en sels
de potassium. Les experiences rapportees indiquent des modifica-
tions adaptatives semblables de Ia secretion colique de potassium
ai cours de l'insuffisance rCnale chronique produite par l'ablation
de 70% de Ia masse rénale. Le mouvement net d'eau et
d'electrolytes, Ia difference de potentiel transmurale, et l'activitC de
Ia Na-K-ATPase dans les cellules muqueuses du colon ont été
étudiés chez des rats contrôles et expérimentaux recevant 15 mEq
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par jour de potassium alimentaire. Chez les animaux en in-
suffisance rénale Ia secretion nette de potassium augmente de Ia
valeur contrôle de 2,2 0,02 gEq/min/g de poids sec a 5,2 + 0,4
(P < 0,01), Ia difference de potentiel transmurale passe de 22 + 3
mV (séreuse positive) a 70 3 (P < 0,001), et l'activité enzyma-
tique augmente de 9,0 0,2 tmole/P/mg proteine/hr a 13,4
0,5 (P < 0,001). L'absorption nette de sodium est aussi augmentCe
dans Ic groupe en insuffisance rénale. De plus, au cours de Ia per-
fusion aiguë de KCI 1,0 M Ia secretion nette de potassium est ap-
proximativement 3 fois plus importante chez les animaux cx-
perimentaux que chez les animaux contrôles. Ces experiences
démontrent qu'une modification du mécanisme dans le sens d'une
augmentation de Ia secretion de potassium survient a Ia fois dans
Ic colon et Ic tube distal au cours de I'insuffisance rénale chronique.
Dc plus ces observations apportent des arguments supplCmentaires
liant Ia Na-K-ATPase et Ia secthtion de potassium et elles sug-
gèrent un mécanisme semblable clans les deux epithelia qui nor-
malement secrètent du potassium.
Cells lining the distal portion of the nephron and
large intestine share at least two important functional
properties. Both membranes have low ion con-
ductivity and maintain a high transepithelial electri-
cal potential difference, and both tissues are capable
of secreting potassium. Recent studies in our labora-
tory have demonstrated that chronic potassium-load-
ing induces an adaptive mechanism in renal tubular
epithelium that is characterized by an increase in the
activity of sodium-potassium-activated adenosine tn-
phosphatase (Na-K-ATPase) and the ability to re-
spond to acute hyperkalemia with accelerated rates of
potassium secretion [1, 2]. These changes were also
observed in animals with renal insufficiency fed a
normal potassium intake, presumably because of the
increased excretory load of potassium presented to
remaining functioning nephrons [2].
The mammalian large intestine absorbs water, so-
dium, and chloride while secreting potassium and
bicarbonate. The possible development of adaptive
mechanisms in the colon in response to an increased
potassium load or to renal insufficiency has not been
explored. Recent studies in our laboratory have
shown that chronic potassium-loading in the rat stim-
ulates an increase in both Na-K-ATPase activity in
colonic mucosal cells and potassium secretion in the
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large intestine [3]. To examine further the properties
of potassium secretion and the mechanism respon-
sible for potassium adaptation, studies of colonic
function and the activity of Na-K-ATPase in colonic
mucosal cells were performed in rats with chronic
renal insufficiency on varying intakes of dietary po-
tassium and during the acute infusion of potassium.
Methods
Adult, albino, Sprague-Dawley rats, weighing 250
to 300 g were used in all experiments. Renal in-
sufficiency was produced in the experimental animals
by ablating approximately 70% of renal tissue, as
previously described [4]. Under light phenobarbitol
anesthesia (65 mg/kg BW), the right kidney was
gently dissected free of surrounding tissue and re-
moved. The left kidney was similarly isolated. Mat-
tress sutures were placed around the upper and lower
poles and tightened until they became ischemic. The
distal parts were then excised leaving the central por-
tion of the left kidney intact. Previous studies in our
laboratory have demonstrated that this procedure
reduces overall glomerular filtration to approxi-
mately one-third of control levels and results in an
elevation of the blood urea nitrogen level (BUN) to
45 to 60 mg per 100 ml. In the present study, the
mean BUN in experimental animals was 56 4
mg/l00 ml (mean sUM), compared to a control
value of 27 I mg/lOOml.
Experimental and control animals were divided
into three groups according to diet. After placing rats
in individual cages, each animal was fed 20 g of food
each day to insure a similar intake of protein and
electrolytes, except for dietary intake of potassium.
in these studies the entire daily allotment of food was
consumed each day. In Group I, experimental and
control animals were fed regular Purina laboratory
chow which contained a potassium concentration of
0.25 mEq/g, thus providing a total intake of potas-
sium of 5 mEq/day. In Group II, Purina chow was
supplemented with potassium chloride so that the
potassium concentration was 0.75 mEq/g. The daily
intake of potassium was, therefore, 15 mEq. Group
III rats received potassium chloride supplement to
the Purina chow yielding a potassium concentration
of 1.25 mEq/g. Daily potassium intake was 25 mEq.
Each group was allowed free access to water and was
maintained on its respective diet for fourteen days
prior to study to insure stable renal function at the
time of study.
SpecJic activity of Na-K-A TPase in mucosal cells.
Animals from each group were anesthetized with
ether, and 15-cm segments of jejunum and the entire
colon were removed and rinsed with Ringer's solu-
tion until clean. Mucosal cells were removed by
scraping the intestinal segment with a glass slide, and
the cells were placed in ice-cold homogenizing solu-
tion for weighing. The activity of Na-K-ATPase was
determined in the whole homogenate of mucosal cells
as previously described by this laboratory [1]. Protein
content of the homogenate was determined, and Na-
K-ATPase activity was expressed aszmoles inorganic
phosphorus (P1)/hr/mg of protein.
Net movement of water and electrolytes and trans-
epithelial potential difference in intestinal segments.
Net movement of water and electrolytes and sponta-
neous transepithelial potential difference (PD) were
determined in jejunal and colonic segments by an in
vivo perfusion technique [5]. Animals were anesthe-
tized with mactin (Promonta, Hamburg) in a dose of
60 to 100 mg/kg BW. A tracheostomy was performed
and a catheter (PE-50) was inserted into one carotid
artery. Body temperature was maintained at 37°C to
37.5°C with a heating board and temperature mon-
itored with a rectal probe. The large intestine was
cannulated proximally at the cecal-colonic junction
with polyethylene tubing (PE-250). A distal collec-
tion catheter was placed in the rectum with the tip
four centimeters proximal to the anus. To perfuse the
jejunum, a proximal perfusion and distal collecting
catheter were placed in a segment 10 cm apart. Each
intestinal segment was rinsed with warm Ringer's
solution until the effluent was clear of intestinal con-
tents and then perfused at a constant rate of 0.53
mI/mm by a peristaltic perfusion pump (Model 1201,
Harvard Apparatus Co., Inc., Millis, MA,). The per-
fusion solution in all experiments contained (in
mM/liter): sodium, 140; potassium, 5; chlorine, 120;
and bicarbonate, 25. Polyethylene-i ,2-glycol-'4C
(PEG), (mol wt, 4,000, New England Nuclear), was
used as a nonabsorbable marker and was added to all
perfusion solutions so that approximately 10,000 to
12,000 counts/mm/mI of test solution were present.
The perfusion solution was maintained at 38°C with
a constant temperature water bath.
After an equilibration period of 60 mm, five con-
secutive 20-mm samples were collected. Arterial sam-
ples of blood were collected in capillary tubes for
determination of serum potassium every 30 mm dur-
ing perfusion. After completion of the study, aortic
blood was drawn for determination of BUN, animals
were sacrificed, and the perfused segments of colon
and jejunum were removed, dried at 110°C over-
night, and weighed. One-milliliter aliquots of in-
testinal perfusion fluid were placed in Bray's solution
for liquid scintillation counting. The concentrations
of sodium and potassium in serum and intestinal
fluid were measured on a flame photometer with an
internal standard.
Standard formulae were used to determine net wa-
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ter and electrolyte movement. Net water movement
= PR(l — [PEG]in/[PEGleff), while net ion move-
ments = PR(I1 — Ierr[PEG]in/[PEG]err), where PR
= perfusion rate in ml/min; (PEG)1, (PEG)err =
PEG '4C concentration in infusion solution and ef-
fluent, respectively; and Ifl and 'eff ion (Nat or
K) concentration in Eq/ml in infusion solution
and effluent, respectively [5]. Mean values were ob-
tained for each animal by averaging the results of five
individual 20-mm collection periods. A positive value
(+) denotes net absorption, while a negative value
(—) indicates net secretion. All results a:re expressed
as tl or Eq/min/g of dry tissue wt.
The transmural electrical potential difference (PD)
was measured simultaneously with measurements of
net water and electrolyte movement during perfusion
studies. Polyethylene tubing (PE-205) containing 4%
agar in Ringer's solution was placed in the rectum or
distal end of the perfused jejunal segment and in the
peritoneal cavity. The agar bridges were connected to
balanced calomel electrodes (Beckman Instrument
Co., Newton, MA). The transepithelial PD between
intestinal lumen and the peritoneal cavity was mea-
sured by a direct current potentiometer (Keithley
6lOC solid state electrometer). Prior to the start of
perfusion, PD measurements were recorded at 2, 4, 6,
and 8 cm from the anus. These measurements con-
firmed the previous observation of Edmonds and
Marriott [6] that the transepithelial PD varies in rela-
tionship to the distance along the colon from the anus
and is maximal 4 cm proximal to the ailus. During
perfusion studies, the PD was determined 4 cm prox-
imal to the anus at 10-mm intervals. Since PD mea-
surements were similar before and after the start of
perfusion, only measurements made during perfusion
will be presented in this paper.
Net movement of water and electrolytes and trans-
epithelial PD in intestinal segments during acute potas-
sium chloride-loading. Experiments were performed in
control and experimental animals from Group I and
II to determine the response to acute i.v. loading with
KCI. Surgical and dietary preparation was similar to
that used in the previous experiments (perfOrmed
under basal conditions). In addition, at the time of
acute study, a PE-50 catheter was placed in one jugu-
lar vein for i.v. infusion. After a 60-mm period for
equilibration, three 20-mm control periods were per-
formed while 0.15 M sodium chloride was adminis-
tered i.v. at a rate of 0.02 mI/mm. Following the third
control period, 1.0 M potassium chloride replaced the
sodium chloride and was infused at 0.02 mI/mm dur-
ing five consecutive 20-mm experimental periods. Net
movement of water and electrolytes and transmural
PD were determined during each control and experi-
mental period, as in the previous experiments. A
sample of arterial blood was obtained at the mid-
point of each collection period for plasma potassium
concentration determination.
Results
Net ion transport and Na-K-A TPase activity in the
colon of animals with chronic renal insufficiency. Mean
values of net electrolyte and water movement and
transepithelial PD in control and experimental ani-
mals are shown in Table 1. In group I, fed 5 mEq of
potassium per day, net sodium absorption was
slightly, but significantly, increased to 23.8
0.9Eq/min/g of dry tissue in experimental rats with
renal insufficiency, compared to the control value of
20.8 0.5 (P < 0.02). There was no difference be-
tween groups, however, in net potassium secretion,
water absorption, or transmural PD. In addition,
there was no difference in the specific activity of Na-
K-ATPase in colonic mucosal cells of experimental
animals, compared to the control value of 9.1
0.9tmole P1/mg of protein per hr, as shown in Table
2.
Since the stimulatory effect of potassium on renal
Na-K-ATPase activity has been shown to be dose-
related [1,2], the effect of modest increments in
dietary potassium in animals with experimental renal
insufficiency was studied. An increase in the daily
intake of potassium from 5 rnEq (group I)to 15 mEq
(group II) resulted in marked changes in both elec-
trolyte transport and Na-K-ATPase activity. As
shown in Table 1, net potassium secretion increased
more than two-fold, from 2.2 0.2jzEq/min/g of
dry tissue to 5.2 0.4 (P ( 0.001), transmural PD
(serosa positive) increased from the control value of
22 3 mV to 70 3 (P < 0.001), and net sodium
absorption rose above the level found in both control
animals and group I experimental rats (P < 0.01).
Functional alterations were associated with a signifi-
cant increase in Na-K-ATPase activity in colonic
cells from the control value of 9.0 + 6.2 to 13.4 +
0.5tmoles P1/mg of protein/hr (P < 0.005) (Table 2).
Further dietary-loading with potassium in group III
(25 mEq/day) did not cause greater relative or abso-
lute changes in the same parameters when experimen-
tal values were compared to levels in group II, as
shown in Tables 1 and 2.
Since augmentation of the normal dietary intake of
potassium in animals with intact renal function by
more than ten times increases net potassium secre-
tion, transmural PD, and the activity of Na-K-AT-
Pase [4], it was important to determine whether the
modest increments of dietary potassium used in these
studies, three to five times above normal, had an
effect in control groups of animals without renal in-
sufficiency. As shown in Tables I and 2, net potas-
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Table 1. Effect of varying potassium diet on colonic function in controls and in rats with renal insufficiency
Dietary pot
Group!
assium intake of 5 mEq/day Dietary pota
Group II
ssium intake of 15 mEq/day Dietary pota
Group!!
ssium intake of 25 mEq/day
Renal P Renal P Renal P
Contro! insufficiency (compared Control insufficiency (compared Contro! insufficiency (compared(N = 6) (N = 5) to contro!) (N = 5) (N = 7) to control) (N = 7) (N = 6) to control)
Net K secretion 1.8 0.1 2.0 + 0.2 NS 2.2 0.2 5.2 0.4k P <0.001 2.4 + 0.2 6.0 P <002
/.LEq/min/g
dry issue
Transmura! PD 20 3 223:4 NS 22 3 70 + 3 P < 0.00l 2! + 2 56 P <0.001
,n V (serosa
positive)








P < 0.01, compared to experimental group 1.
b Not significantly different from experimental group !!.
sium movement, transmural PD, and Na-K-ATPase
activity in the control animals of groups II and III
were not significantly difFerent from values found
with the control rats of Group I.
Effect of renal insufficiency and modest increments
in dietary potassium on function and enzyme activity in
the jejunum. Studies were performed to determine
whether the effect of changes in dietary potassium on
colonic function and the activity of Na-K-ATPase in
animals with renal insufficiency were confined to the
large bowel or caused generalized changes through-
out the intestinal tract. The data in Tables 2 and 3
indicate that renal insufficiency and dietary potas-
sium manipulation had no effect on jejunal Na-K-
Table 2. Effect of varying potassium diet on Na-K-ATPase activity
in colon and jejunum
Control
moles of Ps/mg of
protein/hr
Renal insufficiency
/2moles of Ps/mg of
protein/hr
Colon
Group 1 9.1 0.9 10.2 + 0.7
5 mEq KC!/day
Group!! 9.0 3:0.2 13.4 0.5
IS mEq KCI/day
Group III 11.1 3:0.6 13.63: 0,4d
25 mEq KCI/day
Jejunum
Group II 10.4 0.3 10.6 Q,3a
IS mEq KC!/day
a Not significantly different from control group.
b P < 0.005, compared to control group.
P < 0.005, compared to experimental group I.
Not significantly different from experimental group 1!.
ATPase, transmural PD, or water, sodium, and po-
tassium transport.
Colonic secretion of potassium during acute potas-
sium-loading. It was important to examine the re-
sponse of colonic epithelium to acute potassium-
loading since an augmented response provides the
index for "renal potassium adaptation." Four groups
of animals were studied. Control rats in group I (5
mEq of potassium per day) and in group 11(15 mEq
of potassium per day) and experimental animals in
group I with renal insufficiency (5 mEq of potassium
per day) were examined since baseline levels of potas-
sium secretion, transmural PD, and the specific activ-
ity of Na-K-ATPase were not increased in these
groups of animals. Group II experimental animals
(15 mEq of potassium per day), with elevated net
potassium secretion and luminal negativity and high
mucosal enzyme activity, comprised the fourth
group. Each group was studied before and during the
acute i.v. infusion of 1.0 M potassium chloride.
Changes in water and net electrolyte movement and
transmural PD were evaluated by paired analysis.
Serum potassium concentrations were similar in
each of the four groups before acute potassium-load-
ing, despite differences in dietary potassium and/or
the presence of renal insufficiency. The serum potas-
sium concentration in mEq/Iiter were: 4,2 0.1 in
group I controls, 4.5 0.1 in group II controls, 4.2
0.1 in group I experimental animals, and 4.4 + 0.1 in
group II experimental rats. During infusion with 1.0
M potassium chloride, serum potassium concentra-
tions rose rapidly and reached a plateau after ap-
proximately 70 mm in control rats and 90 mm in
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Table 3. Effect of varying potassium diet on jejunal function in rats with renal insufficiency and in controls
Group I
Dietary potassium
intake of 5 mEq/da'i
Group!!
Dietary potassium
intake of 15 mEq/day
Group Ill
Dietary potassium
intake of 25 mEq/day
Renal Renal Renal
Control insufficiency Control insufficiency Control insufficiency(N=6) (N=5) P (N=6) (N=6) P (N=6) (N=6) P
Net K movement +0.30 0.2 +0.44 0.1 NS +0.15 + 0.2 0.06 + 0.2 NS 0.004 + 0.1 +0.08 + 0.2 NS
tEq/min/g
dry tissue
Transmural PD 4.0 0.3 3.4 0.5 NS 4.5 + 0.3 4.5 + 0.3 NS 3.5 0.6 3.7 0.7 NS
mV (serosa
positive)
Net water absorp- 124 + 10 127 10 NS 101 5 129 16 NS 134 5 135 16 NS
tion, pl/min/g
dry tissue
Net Na absorp- 13.1 1.0 14.3 0.9 NS 12.3 + 0.7 15.7 + 2.4 NS 15.7 + 1.8 14.2 1.9 NS
tion, tEq/min/g
dry tissue
experimental rats. At the time that constant elevated
concentrations were achieved, the mean serum potas-
sium values were 6.2 0.2 mEq/liter in both control
groups and 9.3 0.3 mEq/liter in each of the experi-
mental groups with renal insufficiency.
As shown in Figure 1, net potassium secretion
increased markedly during the acute infusion of po-
tassium chloride in each of the four groups studied.
In group I control animals, net potassium secretion
increased 66 17% above baseline concentrations
within 80 mm after starting the infusion, rising by an
increment of 1.1 0.2tEq/min/g of dry tissue, from
a basal level of 1.75 + 0.13 to 2.81 0.15 (P <
0,001). Transepithelial potential difference (24.0
3.0 mV) during experimentally induced hyperkalemia
was not statistically different from the baseline value.
Similar changes in net potassium secretion, in the
absence of alterations in transepithelial potential dif-
ference, were found in group I experimental and
group II control animals.
In contrast to the response of the three groups of
animals with similar basal concentrations of potas-
sium secretion, net secretion rate in group II experi-
mental animals rose 2.3 0.5sEq/min/g of dry wt,
an increment of 69 21%, during acute hyperka-
lemia. Total potassium secretion in group II experi-
mental animals was 6.7 0.7tEq/min/g of dry
weight during infusion of potassium chloride, a level
that was markedly greater than that of each of the
other groups (P < 0.005). In this experimental group,
there was a small but significant decrease in trans-
epithelial potential difference from 73 :E 6 mV to 65
6 (P < 0.02), in association with acute potassium-
loading. Figure 2 demonstrates the time course of
changes in net potassium secretion during i.v. in-
fusion of potassium chloride in the four groups of
animals.
Changes in net sodium absorption in response to
acute potassium infusions were varied. While there








I exp 11 exp
(N=6) (N=6) (N=11) (N8)
Fig. 1. Net potassium secretion in controls and in rats with renal
insufficiency on varying potassium intake. The clear bars indicate
average values during the baseline period, while the hatched bars
indicate average values during infusion with I M potassium chlo-
ride (KCI), at the time of maximum secretion rates (80 mm after
the start of KCI infusion). Height of bar and bracket represents
mean SCM. The P values indicate the comparison of average
values during baseline and KCI infusion periods for each group
studied.
Diet: 5 mEq of Diet 15 mEq of
potassium per day potassium per day
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experimental rats (+23 3, basal, vs. +23
2zEq/min/g of dry tissue, potassium chloride in-
fusion), there was a statistically significant increase of
3.4 to 4.0tEq/min/g of dry tissue in the other three
groups of animals in response to acute potassium
infusion (P < 0.05). Net water absorption was not
significantly altered during acute potassi urn infusion
in any of the four groups.
Discussion
The present study demonstrates that in chronic
renal failure the mammalian colon develops an
adaptive mechanism for increased rates of potassium
secretion. Since elevated rates of urinary potassium
excretion have also been shown to occur in animals
with renal failure [2], these data suggest that a similar
adaptive process occurs in both epithelia, colon, and
distal nephron, after reduction in nephron popu-
lation. It is unlikely, however, that fecal excretion of
potassium in the rat plays an important role in main-
taining potassium balance, since fecal excretion in
control animals and in rats after heavy dietary load-
ing amounted to less than 4% of total excretion [3]. In
contrast, Hayes, McLeod, and Robinson [7] showed
that fecal potassium excretion might be an important
pathway for maintenance of potassium balance in
patients with severe renal failure. In that study, stool
potassium averaged 12% of dietary intake in normal
subjects and 34% in patients with severe renal in-
sufficiency.
The transport system involved in renal potassium
excretion has been intensively studied by clearance
and micropuncture techniques. Previous studies have
established that urinary potassium is derived primar-
ily from secretion along distal portions of the neph-
ron [8—Il]. The rate of net secretion is regulated by
the level of potassium intake and/or potassium bal-
G
ance. The extent of this process is variable, however,
and has been shown to respond differently to acute
and chronic potassium-loading. During acute i.v.
.exp loading with potassium salts, an immediate and
Group I marked rise in distal secretion rate has been reported
control [12] Although chronic dietary loading also results in
an increase in renal potassium secretion, the mecha-
nism involved in potassium transport is altered and
exhibits a capacity for more rapid excretion of an
acute exogenous potassium load, compared to the
response of non-adapted animals [12,13], a change
regarded as involving a functional adaptation.
Since the process involved in the renal adaptation
for maintaining elevated levels of potassium secretion
after chronic potassium-loading has received increas-
ing attention and was of special interest in the current
study, the outstanding hallmarks of that condition
deserve mention. In addition to the exaggerated re-
sponse to acute potassium-loading, micropuncture
studies in rats on a high potassium diet have demon-
strated elevated basal secretion rates of potassium
and a rise in the transepithelial PD in the distal tubule
[12]. Recent studies have shown that these functional
alterations are linked to a rise in the specific activity
of Na-K-ATPase in the outer medulla of the kidney
[I]. Although electrophysiologic measurements have
not been made, similar changes in potassium secre-
tion and in enzyme activity have been found in rats
with renal insufficiency, after reduction in nephron
population [2]. It is important to note that both the
enhanced capacity for renal potassium secretion and
the increase in Na-K-ATPase activity have been
shown to result from an increase in excretory load of
potassium per nephron, rather than a nonspecific
effect of renal failure. On the basis of these observa-
tions it was suggested that Na-K-ATPase plays an
important role in the mechanism of potassium secre-
tion and in the adaptive transport process found in
animals after chronic potassium-loading and in renal
insufficiency [2].
It is apparent from the present data that the func-
tional and enzymatic characteristics of the colon in
chronic renal failure are similar to the features that
have been described in renal potassium adaptation.
The results of these experiments indicate, however,
that the threshold for this change in the transport
process differs between the two tissues. While renal
potassium adaptation was demonstrated in rats with
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Fig. 2. Net potassium secretion in controls and in rats with renal
insufficiency on varying potassium intake, The mean SEM is given
for each collection period before and after starting the infusion of 1
M potassium chloride. A line connects the mean values in each of
the four groups of animals studied.
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sium per day, a similar alteration in cc Ionic function
required a higher intake of potassium. On 15 mEq of
dietary potassium per day, the basal rate of colonic
potassium secretion rose to a level three-fold higher
than control, transmural PD doubled, and there was
a marked increase in the activity of Na-K-ATPase in
colonic mucosa cells. Moreover, during acute in-
fusion of potassium chloride, higher absolute rates of
potassium secretion were found, compared to control
animals and experimental rats on a lower intake of
dietary potassium.
In respect to the stimulus for induction of potas-
sium adaptation, two mechanisms deserve special
consideration. First, it is possible that a special sensi-
tivity exists in certain cells in potassium-secreting
epithelium to small and possibly intermittent in-
creases in plasma potassium concentration. Although
there was no difference in plasma potassium concen-
trations among the various control and experimental
groups of animals in this study, nor in earlier experi-
ments involving rats on a potassium-enriched diet
[14], other workers have reported small but signifi-
cantly elevated concentrations in animals on a high
potassium intake during nocturnal feeding hours
[15]. Alternatively, total body potassium may serve
an important role in inducing the adaptive change.
A second possible stimulus for the potassium-
adapted state involves the action of aldosterone since
production of the hormone is stimulated by potas-
sium [14, 16]. Moreover, administration of aldoste-
rone has been shown to increase colonic sodium ab-
sorption and transmural PD [17—19]—functional
changes that were found in the colon adapted for
potassium secretion. A possible contributory role of
aldosterone in the induction of potassium adaptation
in the present study cannot be excluded, although
previous workers have provided evidence that min-
imizes the role of adrenal stimulation in the develop-
ment of the chronic renal mechanism of adaptation
[20]. Furthermore, in earlier studies in our labora-
tory, it was shown that the potassium-induced in-
creases in Na-K-ATPase in kidney tissue [I] and
colon [3] and rises in basal potassium secretion and in
transmural PD in the colon [3] are not dependent
upon the action of mineralocorticoids, since these
changes were also found in adrenalectomized ani-
mals. It should be noted, however, that the increased
transepithelial PD demonstrated in this study ap-
pears to be an important feature of adaptation for
augmented potassium secretion. Luminal negativity
has been shown to exert a powerful influence on net
potassium flux [9, 21], and this factor, whatever the
cause, may provide the force for modulating high
Taken together, therefore, with information on
renal potassium adaptation, these data show that a
similar adaptive change for potassium secretion oc-
curs in the colon in chronic renal failure. In both
epithelia, normally poised towards net secretion, the
hallmarks associated with the adaptive change are
characterized by elevated basal secretion rates of po-
tassium, an increase in luminal negativity, and the
capacity to secrete high absolute concentrations of
potassium during acute loading. Furthermore, these
data provide additional support linking Na-K-AT-
Pase to the mechanism for epithelial secretion of
potassium.
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